Study design: This is a retrospective study. Objectives: The aim of this study is to examine the main features and short-term neurological outcomes associated with injuries to the spine due to diving into water in a Latin American country. Setting: Salvador, Brazil. Patient sample: A total of 1324 subjects were admitted with spinal trauma between 1991 and 2006 (inclusive). Subjects aged between 14 and 65 years who sustained diving injuries corresponded to 10.6% (N ¼ 140) of the cases. Outcome measures: Neurological status was determined by the Frankel Functional Scale (FFS) on admission and discharge. The FFS was secondarily converted to the American Spinal Injury Association impairment scale. Methods: This study is a patient record database review that examines demographic and injuryrelated characteristics, details of hospital treatment and neurological status at the time of discharge. Results: Males (N ¼ 129) outnumbered females (N ¼ 11) in a proportion of 12:1 (mean age: 28.62 years). The cervical spine region was the most affected area (92.1%) and 45% of the cases presented with tetraplegia. On admission, neurologically complete lesions accounted for 32.1% of the overall cases and 45.7% were neurologically intact. The mean length of stay (7.7 weeks) did not differ with regard to treatment option (P ¼ 0.83). During hospitalization, patients with incomplete neurological impairment had shorter lengths of stay and showed more neurological improvement than those with complete lesions (P ¼ 0.26 and 64.5 versus 2.2%, Po0.0001). Conclusion: Diving spine injuries have a high tetraplegia rate. Neurological recovery and shorter length of stay are associated with incomplete lesions.
Introduction
When thinking about the dangers associated with waterrelated activities, the first risk that comes to mind is drowning. However, many people are often unaware of other disastrous consequences surrounding these practices. 1 After death, spinal cord injuries (SCIs) are the most devastating result of water sports accidents, with regard to morbidity, permanent disability and cost. 2 In the United
States, spinal cord injury due to diving (SCID) is the fourth leading etiology of SCI, accounting for 8.5% of overall cases. 3 Its prevalence varies throughout the world, ranging from 1.3% in Japan up to 23% in Russia. 3 The cervical segment is most commonly affected, and tetraplegia results in the majority of these cases. [2] [3] Reckless behavior, lack of diving training and alcohol use together contribute to highly avoidable incidence rates. [2] [3] [4] This study aims to depict the main features and short-term neurological outcomes associated with injuries to the spine due to diving into water in a Latin American scenario.
Materials and methods
The medical records of 1324 subjects with the diagnosis of SCI between January 1991 and August 2006 (inclusive) were reviewed. Patients aged between 14 and 65 years (inclusive) who sustained injuries due to diving or jumping into water corresponded to 10.6% (N ¼ 140) of the cases.
No SCI secondary to scuba diving were present, and clifftop diving is not a common practice in our geographical area.
An electronic databank system provided information with regard to subjects' age, sex, marital status, trauma environment (rural or urban area), level of injury of the spine, type of spine trauma, treatment plan, length of stay, and neurological status at the time of admission and discharge. Conservative treatment is defined as any nonoperative intervention: traction, closed reduction under fluoroscopic guidance, halo, spinal orthotic vest or brace. Surgical treatment is defined as any operative procedure. Before 2003, all subjects were assessed with plain X-ray films.
Computerized tomography (CT) or magnetic resonance imaging were reserved only for cases with unclear radiological diagnosis. After 2003, all subjects were assessed with CT and plain X-ray films, with magnetic resonance imaging being performed according to specialist indication. Plain X-ray films of the whole spine are the protocol for patients with altered mental status. In the remaining cases, plain films and CT of other spine levels are performed following expert recommendation. The neurological function was assessed by a spine surgeon using the Frankel Functional Scale (FFS). During the databank processing, the FFS was converted to the American Spinal Injury Association (ASIA) impairment scale. 5 This conversion was based on FFS grade and limbs sensory and motor function on admission and discharge. On discharge, neurological function change is considered as a one-grade variation on the initial ASIA impairment scale rating. Data concerning patients with fatal outcome in the emergency room, early transfer to another unit or, discharge from the hospital before being admitted in the Spine Trauma Unit could not be assessed. This study was approved by the local ethics committee.
Study location
The state of Bahia is localized in the northeastern part of Brazil (Figure 1 
Results
The majority of study participants were male (92. 1%), outnumbering females in a ratio of 12:1 (Table 1) . Among all subjects, the largest portion fell between 15 and 29 years of age (63%). Females were older than males at the time of the accident (mean age: female, 39.7 years; male: 27.7 years; P ¼ 0.002). Patients were resident of 54 different cities, with 86% coming from urban areas. Almost half of the cases (49.3%) happened during the summer (between December and March in the southern hemisphere) ( Figure 2 ).
In all, 129 (92.1%) injuries involved the cervical region, 4 (2.9%) thoracic and 7 (5%) lumbar. No sacral injuries were observed. The C5 level was affected in 42.1% of the cases, followed by C6 (19.3%). Seven subjects (5%) had multilevel lesions, all exclusively cervical. Fractures were responsible for more than half of the spine lesions (51.4%) and 52.8% of those were neurologically intact. (Table 2 ) On admission, 32.1% had complete lesions (ASIA A), 22.1% had incomplete lesions (ASIA B, C or D) and 45.7% of the patients were neurologically intact (Table 3) . Most ASIA E subjects were submitted to surgery (85.9%, N ¼ 55).
Thirteen subjects (10.2%) were hospitalized for more than 90 days and there were no differences with regard to mean length of stay according to treatment option (P ¼ 0.82). Patients with incomplete lesions (ASIA B, C or D) had shorter Spine trauma due to diving EC Amorim et al hospitalization than those with complete lesions (44.6 versus 59.6 days, P ¼ 0.026). Subjects with noncervical trauma had a nonsignificant trend for shorter length of stay (mean 39.2 versus 55.7 days for cervical trauma,
At discharge, 15% (N ¼ 21) of the patients had some neurological improvement and 1.4% (N ¼ 2) deteriorated ( Table 3 ). The two cases with neurological deterioration were located at the cervical level (traumatic discal hernia at C4 and medullary contusion at C3) and presented with a oneand two-level deterioration in the ASIA scale, respectively. Both were submitted to surgery. Neurological recovery was more likely for patients with incomplete lesions than complete (64.5 versus 2.2%, Po0.0001) and was not associated with vertebral lesion treatment choice (P ¼ 0.2) or influenced by age (P ¼ 0.97). Improvement of one grade on the ASIA impairment scale was present in 85% (N ¼ 17) of the cases that evolved with recovery. Of these, nine cases progressed from ASIA D to ASIA E. Only one subject out of the 45 with complete lesions on admission presented with partial neurological improvement at discharge.
Discussion and conclusions
Diving is a major cause of sport/recreational SCI. [2] [3] [4] [8] [9] [10] [11] [12] [13] [14] [15] Demographic features of diving spinal trauma in this study corresponded to international literature: adolescents and young adults, males and unmarried. The observed ratio for gender (12:1) was also comparable to the 5:1 to 32:1 range found in other studies. [2] [3] [4] [8] [9] [10] [11] [12] [13] [14] [15] Overall, the cervical segment was the most commonly affected region, with the C5 level, followed by C6, accounting for the majority of the spinal trauma. Similar findings were published in numerous other studies, and may be associated with the narrower vertebral canal and broad range of motion at this spine level. 3, 4, [11] [12] [13] [14] All multilevel injuries in this study were located exclusively in the cervical segment. In other previous investigations, multilevel lesions had an overall higher incidence rate, with thoracic and lumbar segments seldom involved. 2, 12 Multilevel injuries assessment in this study was likewise insufficient. Systematic whole-spine radiographic screening exclusively for subjects with altered mental status could have been an inefficient strategy to identify occult vertebral injuries. The sensitivity of clinical history and physical examination to determine further investigation is generally questionable, and all patients with documented spine trauma should have received whole-spine radiological evaluation independently of initial level of consciousness. 16 Fracture and fracture-luxation are the predominant types of spinal trauma due to diving. 2, 12 SCIs without radiological evidence of trauma could be associated with preexisting cervical spine abnormalities and hyperflexion-hyperextension movements, mechanisms related to wave-forced impact.
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Despite lacking neurological involvement, 85.9% of the neurologically intact cases were submitted to surgery. The formal indications for surgical intervention are posttraumatic instability and persistent neurological deficit. 13 The high overall surgical rate presented (92.1%) could also reflect Bahia State General Hospital's health system role. As a tertiary center, it receives referrals from smaller units across Spine trauma due to diving EC Amorim et al the state that can exclusively handle SCI conservative management. The rate for surgical intervention varied from 20 to 83.2% in other studies. 4, 9 Recovery is unusual for complete injuries, and when improvement is present for incomplete lesions, it is often partial with important functional compromise. 5, 9, 12, 14, 15 Patients with complete lesions or cervical spine trauma tend to stay longer in the hospital. 18 This situation occurs mostly due to their extended neurological impairment, potential mechanical ventilation support need and subsequent complications. 18 In this study, subjects with complete neurological injuries had longer hospitalizations (P ¼ 0.026) and victims of noncervical lesions had a nonsignificant trend for shorter length of stay (P ¼ 0.052). Notably, the low availability of CT scans before 2003 has an important role in this study. CT studies offer detailed information about spinal canal involvement, epidural space constriction and presence of interspinal fragments, critical information for diagnosis and treatment decision-making. Furthermore, additional injuries may have been missed in this incomplete assessmentFeven after acknowledging that cases with indeterminate diagnosis were submitted to further radiological evaluation. Barrett et al. 19 found that over a third of patients with an identified cervical spine fracture on initial plain X-ray can have a secondary cervical spine fracture detected by CT that was not evident on the plain radiograph, and the majority of these concomitant injuries had clinical significance. The warm weather throughout the year in Brazil and other Latin American countries stimulates the practice of waterrelated sports for a longer period than subtropical climate regions, which prompts higher exposure to SCID. Despite the fact that almost half of the cases in this series occurred during the summer, the case distribution was more spread out across the year. This pattern contrasts with some European studies with more than 70% of the accidents taking place in the summertime. 9, 13 This aspect is particularly important for injury prevention education in tropical countries, which would benefit longer-duration campaigns before, during and after the summer. Detailed information about the specific setting involving the injuries included in this study was not available in our records. However, in urban settings special attention should be given to private swimming pools. 3 Almost a third of all SCID in the United States occurs in pools, particularly during parties, usually where no lifeguard or depth indicators are available. 3, 10 Swimming is the third national sport in Brazil, placed behind soccer and volleyball. Brazil has over 1 300 000 swimming pools, twice as many as France and Spain (which are the leading European countries with respect to number of swimming pools) combined. It is surpassed only by the United States with 7.6 times as many pools. 20 At least 11 million Brazilians frequent swimming pools, and unmeasurable more have access to rivers, lakes and sea, which exponentially increases the population at risk. 20 The establishment of universal health care in Brazil in 1988 brought great advancements to health-care attention, especially to the poor underserved population. However, the resources available today still do not meet basic necessities of a great portion of the Brazilian people, yielding the innumerous structural adversities faced on health-care attention in Brazil. Despite having a Spine Trauma Unit providing advanced care in the state, one of the major obstacles faced is basic transportation between facilities. Life flight is not available and the majority of the ambulances across the state's countryside do not have equipment to provide safe transference for SCI victims. Neurological impaired patients require complex transportation management, especially with regard to proper immobilization, The nature of the administrative databases also imposes potential limitations. In particular, this study lacks information with regard to associated injuries, methylprednisolone use, complications and other functional outcomes. Furthermore, the FFS was the primary neurological evaluation, and the conversion to the ASIA impairment scale occurred only during the databank research stage. This is a significant drawback especially for functional changes assessment and clinical syndromes presentation.
Case observation was most likely incomplete. Victims who died immediately from drowning, before reaching the hospital or during emergency initial treatment, may have had undetected spinal injuries. Individuals with rapidly resolving neurological deficits at the emergency room or those who died in the critical care unit may have contributed to an underestimation of cases. Patients discharged from the hospital before being admitted in the Spine Trauma Unit commonly had minor spinal trauma, were neurologically intact and received outpatient conservative management, which also could cause a biased profile of this population.
To the best of our knowledge, this study represents the most comprehensive study on spine trauma due to diving established in Latin America reported to date. Many elements contribute to a high incidence of SCID, nonetheless, the gross part of these injuries is potentially preventable. We highlight the claim for educational campaigns with a main focus on the young, male and single population, especially during the summer. The high need for investments in infrastructure for transportation and medical technology should be stressed.
